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CHAPTER - I 
I N T R O D U C T I ^ N 
The importance of water for survival c i v i l i z a t i o n 
of mankind i s well known. Since in e a r l y s tages of man 
c3epended upon r i v e r water supply, The e a r l i e s t c i v i l i z a -
t i on f lour id ied alpng the r i v e r banks v i z . T ig r i s and 
Euphrates in Masopotamia, the Nine in Egypt, the Indus 
in Ind ia and yellow r i v e r in China. %wever, in view of the 
increase in demand for ground water with the passage of 
time, man discovered add i t iona l water resources in the form 
of ground water, 
Ttie ground water r ep resen t s the l a r g e s t ava i lab le 
source of fresh water on the ea r th and the use of ground 
water p o t e n t i a l has a g rea t advantage vrfiich i s genera l ly 
overlooked. Surface water r e s e r v o i r s are constructed a t 
huge c o s t s . Whereas ground water r e s e r v o i r s have been 
created by nature and requi re l i t t l e modification for proper 
u t i l i z a t i o n , ^ s s e s from the tinderground r e s e r v o i r s are 
minimum because the evaporation and evapot ranspi ra t ion 
losses do not take place below the ea r th surface, except 
of course, v*iere water t a b l e s approach ground surfaces 
The groundwater can be ex t rac ted a t the po in t \i*iere i t 
i s a c t u a l l y needed, e l imina t ing thereby the cos t of laying 
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pipe l i n e s e t c , for water d i s t r i b u t i o n . Ihe temperature 
of ground water in remarkably constant and i s therefore 
an important benef i t for i n d u s t r i a l and drinKing water 
supply. Ground water r e fe r red to without f\irther sjjeci-
f i ca t i on i s commonly understood to mean water occupying 
a l l the voids within a geological stratum. Water contained 
in a sa tu ra ted zone i s iraporant for the engineering works, 
g e o l i g i c a l s tud ies and water supply developments. 
The large volume of under ground r e s e r v o i r makes 
a sotirce of uninter rupted water supply. Further, the ground 
water i s a renewable na tu ra l soxirce and therefore forms 
a perpetual source of water supply. In view of the demand 
of the fresh water in India , the ground w^ter i s becoming 
an inc reas ing ly important sotxrce of water supply for 
i r r i g a t i o n , municipal and i n d u s t r i a l purposes, Bie ground 
water has an added advantage over the conventional water 
supply system because of the high expenses involved in 
the const ruct ion of r e s e r v o i r s . Assessment and development 
of ground water resource i s , therefore of na t iona l importance. 
In the context of the importance of the ground 
water resoiorces, •'•t i s appropriate t h a t an attempt be 
made to assess the aqu i f i e r system and ground water 
resource . The present study deals with the Aquifier 
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System and ground water r e s o u r c e a s sessmen t o f A t r a u l i 
Block D i s t t . Al igarh U.P , 
PURPOSE AND 3C0PS : 
The i n v e s t i g a t i o n was ea rned o u t i n the A t r a u l i 
Block, d i s t r i c t Al igarh U.P , with a view t o : 
1. Studying the o r i g i n , occur rence and movement of 
ground water i n the a r e a . 
2. D e l i n e a t i n g d i f f e r e n t a c ^ i f e r h o r i z o n s i n t h e a r e a 
and t h e i r i n t e r - r e l a t i o n s h i p . 
3 . D e l i n e a t i n g a r e a s of ground wa te r r e c h a r g e and d i s cha rge 
with s p e c i a l emphasis on demarcat ion of a r e a s s u i t a b l e 
for ground water development. 
4 . E v a l u a t i n g groundwater r e s o u r c e p o t e n t i a l . 
5 . Studying the Q u a l i t y of ground wa te r and i t s s u i t a b i l i t y 
for i r r i g a t i o n ^ ; and domestic purpose^ . 
6 . Sugges t ing s u i t a b l e ground wate r s t r u c t u r e s p a r t i c u l a r l y 
for i r r i g a t i o n a l pu rpose s . 
The f i e l d work i n c l u d e d moni to r ing of wate r l e v e l 
i n key w e l l s an eye on the r e a s o n a l ground water f l u c t u a t i o n , 
i n v e n t o r y of dug w e l l s and tube w e l l s , c o l l e c t i o n of water 
samples from s e l e c t e d w e l l s and s u r f a c e wate r b o d i e s and 
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collection of relevant hydrometerological, Hydrological 
and hydrogeological data. 
Location and Communication 
The A t r a u l i b l o c k i s l o c a t e d between the l a t t i t u d e s 
of 27°15'N and 28 '50 'N and between t h e l o n g i t u d e s of 
78°24 'E and 78°54 E, I t cove r s the p a r t s o f the su rvey 
of I n d i a t o p o s h e e t s Nos. 53—i 53—, 53—1 and 54— • I t 
i s l o c a t e d about 27 km p p r t h e a s t o f Aiiggjch c i t y and 
i s we l l connec ted with the d i s t r i c t head q u a r t e r s through 
m e t a l l i c road ( P l a t e - l ) . ^ C^--^ a^ a.^ <^ ^41 S ^ ^ 1 ^ ^ 
PREVIOUS WORK t 
In e a r l y s i x t e e s ground water e x p l o r a t i o n and 
r e s o u r c e e v a l u a t i o n was c a r r i e d o u t i n A t r a u l i Block by 
the E x p l o r a t o r y Tubewell O r g a n i s a t i o n , M i n i s t r y of 
I r r i g a t i o n , Government of I n d i a which a f t e r mergining 
with the Ground ^ t e r E l v i s i o n of Geo log ica l Survey of 
i n d i a i s now known a s C e n t r a l Ground Water Board s i n c e 
1972. 
Rao and Raju (1965) made d e t a i l e d i n v e s t i g a t i o n 
of the h y d r o g e o l o g i c a l c o n d i t i o n s through l a r g e s c a l e 
->-
H 
o« 
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explora tory d r i l l i n g , de l ineat ion of aqu i f i e r system 
and determination of aqui f ie r cons tants through conducting 
pumpoing t e s t s and data ana lys i s , Ttixs study formed an 
idea l case h i s t o r y for the ground water explora t ion and 
resource evaluat ion for about a decade. 
Dutt (1969) s tudied the hydrogeology and water 
logging condi t ions in Aligarh d i s t r i c t . According to 
him seepage from the Ganga canals has crea ted the water 
logging condi t ions in the area". In v±ew of the i n t e r -
connected nat\are of the aquifer system in the area, he 
suggested a large scale withdrawal of ground water 
through deep tube wel ls to serve the dual purpose of 
a r r e s t i n g "tiie r i s i n g t rend of water t ab l e and meeting 
the i r r i g a t i o n needs. 
In e a r l y p a r t of the present decade Ground water 
Inves t iga t ion Organisation also ca r r i ed out the survey 
and made an attempt to quant i ty the resources on the 
d i s t r i c t l e v e l . 
Although the general geological and ground water 
condi t ions in Central Ganga basin are Iqiown through regional 
s tudies ca r r i ed out by Central Ground Water Board, Ministry 
of Water Resources, Government of India , the de t a i l ed 
infrormation necessary for meaningful quan t i t a t i ve es t imates 
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of ground waterr^ources in knovm only for small par t 
of basin. More detailed studies in limited area has 
rare ly been attempted. The present investigation i s an 
attempt to decipher afresh the aquifier system in detai l 
and evaluate ground water resource in a manageable area 
in order to depict a Jiarmonious hydrogeological framework 
a t block level . Moreover, ground water i s a replenishable 
resource, the quantification of which i s essent ia l for 
drawing up plans for i t s proper u t i l i s a t i on , management 
and conservation. Accordingly, a comprehensive hydrogeologi'^ 
cal picture of Atrauli Block in terms of qual i ty and 
ava i lab i l i ty of ground water resources for further deve-
lopment arid delineating areas of recharge and discharge 
has been carried out. Besides, the objective i s to study 
the pace of ground water development tha t has been taken 
place and i t s effect on the ground water regimen of the 
area. 
The f ield work included monitoring of water level 
in dug wells with an eye on seasonal ground water fluc-
tuation, inventory of dug wells and tubewells, collection 
of water samples from selected wells and surface water 
bodies and collection of relevant hydrometeorological, 
hydrological and hydrogeological data. 
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CHAPTER - I I 
P H^Y S I 0_G_R_ft_E--_J 
Physiographically» the Atrauli blocjc can be divided 
in to three main physiographic u n i t s which are as follow : 
1. Nim-Khadar 
2. Kali-Khader 
3. Eastern upland 
1. Nitn Khader s I h e r e j i s a b e l t of Khadir along the Nim, 
genera l ly of f a i r q u a l i t y but the s o i l i s apt to 
d e t e r i o r a t e a f t e r heavy floods e s p e c i a l l y southern 
reaches owing to sa tu ra t ion and appearance of Reh, 
Country west of t h i s r i v e r i s a fine s t r e t ch of good 
loam s o i l , extending to sandy r idge vrtiich overlook 
Idiadir of Kali Nadi. 
2. Kali Khadir t Kali Khadir l i e s both on r i g h t and 
l e f t banks of Kali Nadi, Ihe Khadir occurs as a narrow 
b e l t of new alluvium on the bank of Kali r i v e r which 
i s subjected to annual inundation dxoring the flood. The 
average width of t r a c t v a r i e s from 3 kms to few hundred 
meters. Above t h i s Wiadir r i s e s the sandy bank of Kali 
r i v e r . Ihe b e l t of sandy so i l i s very narrow in ex ten t . 
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3 , E a s t e r n upland s . I t i s a c t u a l l y a r i c h t r a c t i n 
e x c e l l e n t loam and i s f u l l y i r r i g a t e d . Within t h i s 
t r a c t t h e r e a re p a t c h e s where sandy s o i l s a re met 
wi th , vdiich i s l o c a l l y unknown as Bhur. I t e x t e n d s 
from t h e Kal i Nadi t o t h e Ganga-Khadir . Ihe g e n e r a l 
s l o p s of t h i s t r a c t i s about 0.28 m e t e r / km due sou th , 
DRAINAGE 
The Kal i Nadi i s t h e main r i v e r , which d r a i n s t h e 
a r e a , ^ a r t from t h i s , t h e Neem r i v e r i s o t h e r s t ream i n 
t h i s a r e a which i s of s i g n i f i c a n t impor t ance . The r i v e r s 
a r e sxibjected t o extreme v a r i a t i o n of flow from season t o 
season . I t i s r e p o r t e d t h a t t he d i s c h a r g e u s u a l l y i s t h e 
l a r g e s t dur ing the peak f lood p e r i o d s . I t s t a r t s i n c r e a s i n g 
from the middle of June, r e a c h i n g i t s optimum dur ing 
August^ I t i s r e p o r t e d t h a t the peak flow of r i v e r s i s 
over 20 t i m e s i t s l ean f low. 
"Rie Ka l i Nadi i s p a r t i c u l a r l y the o n l y t r i b u t a r y 
of the Ganges which t r a v e r s e s the a r e a . I t flows c l o s e 
t o the A t r a u l i r a i l w a y s t a t i o n , t h e r e i t t a k e s a devious 
b u t g e n e r a l l y south e a s t e r n l y course a long the wes te rn 
and sou the rn b o r d e r s of t he A t r a u l i a r e a . Ihe r i v e r i s 
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not nevigable but i t i s of perennial nature and i t s 
volume i s increased by the surplus water from the Ganga 
canal, Occassionally i t r i s e s in. flood doing much damage 
to the Khadir land along i t s course, which after a series 
of wet season becomes saturated and take many years to re-
cover. The water i s used to some extent for i r r iga t ion , 
but only in the Khadir or Tarai the sandy uplands on 
e i ther side of the high bank being of a precarious in 
nat\ire and apt to suffer from drought, Ihe width of the 
r iver where i t enters the d i s t r i c t shrinks to 10 meters and 
the depth to about a meter in the hot weather, but during 
the ra ins i t becomes a stream of considerable magnitude, 
Kothia i s the only t r ibutary of Kali r iver \*iich has i t s 
origin in the depression to the south eas t of Atrauli and 
fa l l s into the r iver jus t above Hidraman, 
NIM RIVER : The Nim r iver on the other hand has got 
much more, i t joins the Kali r iver in Barbhai effecting 
i t s function within the border. This stream r i ses in the 
Bulandshahr d i s t r i c t where i t s beds has been deepend 
s t r a i ^ t e n e d by the canal authority, in order to improve 
the drainage and after entering the Atrauli a t Chakrathal 
flows in southernly or south-easternly direction through 
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t h e e a s t a t C h a k r a t h a l a r e a . At Ramamai i t i s j o i n e d 
on i t s r i g h t b a n k by a s m a l l d r a i n a g e c h a n n e l c a l l e d b y 
t h e g e n u i n e name o f Chho iya which h a s i t s s o u r c e t o t h e 
n o r t h o f A t r a u l i , Dur ing t h e r a i n s c a r r i e s a good d e a l 
o f f l o o d w a t e r from -che low i n i t s l a n d v a c i n i t y . I t i s d r y 
dxir ing t h e h o t w e a t h e r b u t i t c a r r i e s a l m o s t i n v a r i a b l y 
some w a t e r , and i s u t i l i s e d f o r i r r i g a t i o n p u r p o s e . I t 
h a s a s a n d y bed w i t h . s . lop ing b a n k s and on t h e e i t h e r s i d e 
i s a s m a l l s t r i p o f T a r a i e s p e c i a l l y i n i t s s o u t h e r n 
r e a c h e s , 
CLIMATF AND RAIKgALL 
C l i m a t e : I h e a r e a h a s g o t a d r y c l i m a t e "very s i m i l a r 
t o t h a t o f Ebab a s a W i o l e , The c o l d w e a t h e r l a s t s l o n g e r 
t h a n i n t h e e a s t e r n a r e a and may be s a i d t o e x t e n d from 
t h e m i d d l e o f O c t o b e r t o t h e end o f March . Dur ing t h e 
w i n t e r t h e t e m p e r a t u r e f a l l s t o 4°C, 
R a i n f a l l : The monsoon b r e a k s i n t h e s e c o n d week o f 
J u n e , h e a v y p r e c i p i t a t i o n t a k e s p l a c e i n t h e month o f 
J u l y and Augus t . ( P i a t e - I I ) . 
Area l D i s t r i b u t i o n o f R a i n f a l l : 
A p e r u s a l o f t h e i s o h y e t a l map ( P l a t e - I I I ) o f 
t h e d i s t r i c t shows t h a t t h e i n t e n s i t y o f r a i n f a l l 
d e c r e a s e s from e a s t t o w e s t and on an a v e r a g e t h e e a s t e r n 
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p a r t of the d i s t r i c t r ece ives s l i g h t l y more than 9 00 mm 
annual r a i n f a l l which gradual ly decreases to 600 mm in 
the west, proximal to the banks of r i v e r Yamuna, 
V a r i a b i l i t y of Rainfa l l ; 
"Ihe ava i lab le annual r a i n f a l l data of Atraul i 
Rain Gauge StaticJn for the period 19 01-198 5 have been 
s t a t i s t i c a l l y analysed and r e s u l t s t abu la ted (Tab le - l ) . 
I t i s seen t h a t the h ighes t r a i n f a l l a t Atrauli Raid 
Gauge Sta t ion i s 1400 mm (1983) Ti^ereas the lowest 333mm 
(1979) showing a very wide range of Var ia t ion , The mean 
annual r a i n f a l l i s 771,7 mm, ^ e s tandard deviat ion a t 
Atraul i i s 247,4 mm and coef f ic ien t of v a r i a t i o n i s 32.1%, 
Table » 1 - Resul ts of s t a t i s t i c a l ana lys i s of Annual 
Rainfal l a t Atraul i , D i s t r i c t Aligarh, 
Highest r a i n f a l l (1983) 
Lowest r a i n f a l l (1979) 
Mean 
Standard deviat ion 
Coeff ic ient of variation(%) 
1400 mm 
333 mm 
7 7 1 . 7 mm 
247 ,4 mm 
3 2 . 1 % 
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DROUGHT ANALYSIS : 
P l a t e - I V shows t h e d e p a r t u r e o f a n n u a l r a i n f a l l 
from t h e mean a n n u a l r a i n f a l l . E tepar tu re o f a n n u a l r a i n f a l l 
from mean r a i n f a l l h a v e b e e n c a l c u l a t e d f o r t h e A t r a u l i 
R a i n Gauge S t a t i o n . The c a l c u l a t e d v a l u e s o f d e p a r t u r e s 
h a v e b e e n u s e d i n d r o u g h t a n a l y s i s ( T a b l e ) , I h e study-
shows t h a t t h e r e i s no c y c l i c i t y a s such, b u t m i l d t o 
n o r m a l d r o u g h t s e t s i n 3 t o 5 y e a r s and s e v e r e d r o u ^ t i n 
e v e r y 20 y e a r s . The f r e q u e n c y o f o c c u r r e n c e o f m i l d t o 
n o r m a l d r o u g h t s a t A t r a u l i i s 39.2% and t h e f r e q u e n c y o f 
s e v e r e d r o u g h t i s 5.9%, 
T a b l e : 2 - R e s u l t s o f Qrough t J t o a l y s i s a t A t r a u l i , 
E l s t r i c t A l i g a r h . 
Type o f Qrough t Yea r s F r e q u e n c y o f 
o c c u r e n c e 
1 . Mi ld Drought 1909, 1910, 1913 
( 0 . 0 t o 25%) 1914, 19 23 , 19 25 , 
19 26, 1931 , 1937, 21.4% 
19 43 , 1944, 19 49 , 
19 52, 19 62, 19 65 , 
1971 , 1984. 
2 . Normal Drought 1902, 1903 , 1904, 
( 2 5 . 1 % t o 50%) 1907, 1908, 1912, 
1915, 19 20, 19 28 , 17.8% 
1930, 1934, 1938 , 
19 53 , 19 59, 1 9 8 1 , 
3 . S e v e r e Drought 1901 , 1905, 1918 5.9% 
(50 .1%=to 75%) 1941 , 1979 . 
4 . Very s e v e r e Drought N i l 
(75% t o 100%) 
> 
H 
I 
W 
(muj) Ni n v j N I V a 
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Soil type of Atraul i Block : 
Tfie s o i l sxirvey of the d i s t r i c t was ca r r i ed out by 
the Agriculture Department of Ut ta r Pradesh in 19 5,3, In a l l 
two types of so i l have been repor ted pe r t a in ing to d i s t i n c t 
physiographic u n i t s of study area which are as under. 
(Agrawal and ^bhrotra 19 53) (Pla te - V) 
Soil Types Physiographic Units 
1. Loam to Sandy loam Kali Khadir 
2. Loam to clayey loam Eastern Upland 
Loam to Sandy loam : 
I h i s so i l type covers a small por t ion of the area. 
The s o i l va r i e s in colour form l i g h t brown to deep brown 
and ted ture of the so i l i s sandy to good q u a l i t y loam. 
Usually the surface- so i l up to depth of 20 to 25 cm i s 
a well drained so i l and contains a loose loam than can 
e a s i l y be ploughed and cu l t i va t ed , Tti& s o i l s are more leached 
than the other so i l of the d i s t r i c t . Percentage of lime 
content i s low and magnesia i s every where more than 
lime, i ron nodules occurs almost every where in the sub s o i l . 
The pH ranges from 6. 2 - 6.8, The upland s o i l s are well 
drained, hence so i l sa lan iza t ion i s r a r e l y observed. 
SOIL MAP OF ATRAULl BLOCK, Distt> ALIGARH, U^P • 
PLATE - V 
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Loam to Clavev loam : 
These s o i l s are s t i cky and genera l ly clayey loam 
to loam in tex ture , varying in colour from gray, ash grey 
to dark grey and black v^en mosit. Ihe t r a c t i s underla in 
by a th ick band of kankar occurr ing, in most cases in the 
form of nodules which a t p laces cement together forming a 
s t i f f impenetrable layer a t the bottom. These kankar beds 
were used e a r l i e r for the construct ion of cu lve r t s , wel ls 
and even for house bui ld ing purposes, Ihe c lay content 
decreases with increas ing depth represent ing an idea l example 
of Water-logged s o i l s where the unimpregnable sub-soi l 
horizon does not allow t rans loca t ion of even the f i ne s t 
c lay p a r t i c l e s , IXae to poor drainage, the soluble sodium 
s a l t s are deposited on the surface in the form of reh 
vAiich during hot season presen t a s i g h t of \ih±te s a l t -
in fes ted land in the northern p a r t of t h i s t r a c t , 
A condierable por t ion of the land has been thrown 
out of c u l t i v a t i o n because of the appearance of reh. 
Further south are found the most unmanageable so i l t r a c t 
which are l o c a l l y ca l led as 'Chicknot ' . The s o i l s here 
are a lka l ine comprising the well known usar t r a c t s of 
the d i s t r i c t , TJie pH value of so i l ranges from 7 to 8. 
15) 
LAND USE OF ATRjSULI BLOCK 
The A t r a u l i B l o c k o c c u p i e s an a r e a o f a b o u t 28438 
h e c t a r e s i n which t h e a r e a o c c u p i e d by t h e f o r e s t comes 
a s t h e minimum i . e . o n l y 4 h e c t a r e s and t h e a g r i c u l t \ i r a l 
w a s t e comes a b o u t 479 h e c t a r e s . 
I n t h i s b l o c k t h e fo l low ' . . l a n d o c c u p i n g an eirea o f 
a b o u t 7 28 h e c t a r e s a l o n g w i t h t h e o t h e r f o l l o w l a n d a b o u t 
660 h e c t a r e s . 
The A t r a u l i b l o c k , a b o u t 1 0 5 . 3 h e c t a r e s a r e a s a r e 
c o v e r e d b y t h e u n c u l t u r a b l e l a n d b u t t h e l a n d f o r o t h e r 
u s e s o c c u p i e s an a r e a o f a b o u t 2053 h e c t a r e s , 
I h e mealow l a n d o c c u p i e s an a r e a of- a b o u t 209 
h e c t a r e s b u t t h e Garden i n A t r a u l i b l o c k o c c u p i e s an a r e a 
o f 61 h e c t a r e s o n l y . 
I h e n e t s o w l i n g l a n d o c c u p i e s an a r e a o f a b o u t 
23617 h e c t a r e s w h e r e a s t h e doub le s o w l i n g l a n d o c c u p i e s 
an a r e a o f a b o u t 1889 0 h e c t a r e s . 
I n t h e A t r a u l i t h e t o t a l i r r i g a t e d a r e a by c a n a l comes 
a b o u t 965 h e c t a r e s vd i e r ea s t h e t u b e w e l l s i r r i g a t e t h e 
l a r g e s t p a r t o f t h e a r e a a s 19753 h e c t a r e s t h e a r e a i r r i -
g a t e d by t h e o t h e r w e l l s comes a s 814 h e c t a r e s w h e r e a s 
16) 
the area of Atrauli block i r r i g a t e d by the iDther sources 
comes as only 57 hec t a r e s . 
Table : 3 - Land use pa t t e rn in Atraul i Block, D i s t r i c t 
Aligarh, U.P. (In Hectares) 
Study Area Forest Cultu- Follow Barren Land Pas t - Land Net Area 
Area rab le land and und- ures under Area sown 
waste Uncul- e r Micl, sown more 
"Gurab- non Trace than 
le Cultu and once 
land rab le Groo-
use ves 
Atrauli 28438 4.0 1053 1388 1063 476 215 115.3 23617 22871 
Block 
17) 
CHAPTER - I I I 
GEOLOGY OF THE AREA 
Ganga b a s i n h a s b e e n c o n s i d e r e d b y t h e O.N.G,C, 
a s one o f t h e p o t e n t i a l p e t r o l l i f e r o u s B a s i n o f I n d i a . 
A c c o r d i n g l y g e o p h y s i c a l i n v e s t i g a t i o n s h a v e been c a r r i e d -
o u t i n d e t a i l d u r i n g t h e l a s t t h r e e d e c a d e s which h a v e 
g e n e r a t e d a l o t o f b a s i c d a t a r e g a r d i n g t h e d e p t h and t h e 
n a t u r e o f t h e bed r o c k and i t s t o p o g r a p h y . B e s i d e s i t . 
C e n t r a l Ground Water Board h a s e n c o u n t e r e d bed r o c k s a t 
many p l a c e s i n t h e Ganga B a s i n i n A l i g a r h D i s t r i c t , Ttie 
b e d r o c k h a s been e n c o u n t e r e d a t S a l e e m p u r and a t A l i g a r h 
R a i l w a y J u n c t i o n by C e n t r a l Ground Water Board a t Kasgan j 
and U j h a n i by t h e O.N.G.C. ( P l a t e - V I ) . 
At A l i g a r h R a i l w a y J u n c t i o n t h e b e d r o c k e n c o u n t e r e d 
i s r e d SHALE o f p r o b a b l y u p p e r Vindh^an a g e . At Kasgan j 
and U j h a n i t h e l o w e r Bhander l i m e s tome was e n c o u n t e r e d 
a t 620 and 967 M. E .G.L. r e s p e c t i v e l y . A t r a u l i i s s i t u a t e d 
a b o u t 27 kms n o r t h o f Kasgan j arid a b o u t 10 kms w e s t o f 
U j h a n i . ^ n c e t h e p r o b a b l e g e o l o g i c a l s e q u e n c e o f t h e a r e a 
u n d e r s t u d y can be a s f o l l o w s : 
QUATERNARY ALTERNATE BEDS OF SAND AND, CLAY 
AGE „ ^' ij. 
U n c o n f i r m i t y 
Red S h a l e 
LOWER BHADAR L IME '^STONE 
U n c o n f i r m i t y 
BUNDELKH;U^D G R A N I T E _ 2061 m .b . g . 1 . 
18) 
Bie sequence of the s t r a t a between Aligarh and Ujhani 
shows t h a t the olc3er member of the upper Bhander group 
occiirs in the north e a s t d i r ec t ion , ^ e Bhander limestone 
which i s encountered a t a depth of 620 m.b.g, 1, a t 
Kasganj i s again encountered a t Ujhani a t a depth of 
967 m . b . g . l , Bl i s ind ica te a probable s t r u c t u r a l d i s l o -
ca t ion of upper Bhander group between Kasganj and Ujhani, 
According to O.N.G-Cthis lime stone forms a, p a r t 
of s t ruc tu re know as Budayun are which extend as Kasganj-
Puranpur-Tanakpur spxir, Bi is spur in te rvenes as wedge 
between Ram ganga depression and Sharda depressions of 
the Ganga basin--On the eroded and upturned surface of the 
Upper Vindhyan group the ^ a t e m a r y sediments comprising 
a l t e r n a t e l y sand and c lay were deposited by the r i v e r 
^anga and i t s various t r i b u t a r i e s , Bie major cont r ibu t ions 
were made by the r i v e r s emerging from the newly r i^en 
Himalayas, than t h a t of the ^ n i n s u l a r r i v e r s which gradual ly 
gave r i s e to the present conf igurat ion. 
* * * * 
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CHAPTER - IV 
H Y D R O G E O L O G Y 
The systematic inventory of 60 dug wel ls , 25 
shallow and 21 deep tubewells (Plate - VII) were ca r r i ed 
out and re levan t hydrological data ( i ^pend ix - l l l ) were 
co l l ec ted in order to study the general groundwater condi-
t i o n s , behaviour of water t ab l e , i t s occurtoce and movement 
in the area . 
In addi t ion, l i t h o l o g s of tubewells ranging in 
depth from 20 m, b. g . l , to 144 m.b, g . l . were studied and 
u t i l i s e d to depic t the sub-surface l i t ho logy and the 
d i spos i t ion of the aqui fe rs in the area. 
Groundwater Condition s 
Tine coarser e l a s t i c s in the a l l u v i a l sequence 
form the major r epos i to ry of the groundvjater in the area . 
The groundwater in the shallow aquifers occurs under 
phe ra t i c condi t ions . Ihe deeper aqui fe rs are under semi-
confined to confined condit ions depending upon the occurence 
of aqui tard or aquiclude as confining beds r e s p e c t i v e l y . 
The r a i n f a l l forms the main source of recharge in the area. 
I r r i g a t i o n re turn flow and groundwater flow from the 
MAP OFATRAULI BLOCK.DISTRICTALIGARH U . P.SHOWING -
LOCATION OF DUGWELLS AND TUBEWELLS PLATE-VH 
B U L A N D 
O WW^ 
KILOMETRES 
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neighbouring areas also form other sources of recharge 
to the groundwater bodies . 
Evolution of Aquifers $ 
Ihe Ganga basin came in to exis tence due to the 
sudden sagging of the northern fringe of the Peninsula 
during the pos t - s iwa l ik t imes, I h i s sag was l a t e r on 
f i l l e d with the sediments brought by the r i v e r s emerging 
from the newly r i sen - Himalayas and the Peninsula. These 
sediments were deposited on the eroded and upturned surface 
of the upper Vindhyan Group which comprise^ a l t e r n a t e 
deposi t of sand and c lay with occasional in te rbeds of 
kankar, ^ e r i v e r ganga has cons tant ly been changing i t s 
course thereby giving r i s e to three kinds of depos i t s 
viz. the channel deposi t s , the flood p l a in deposi ts and the 
back swamp depos i t s . TJie well sorted coarse sand mixed 
with gravels , with the f ining upward sequence charac te r ize 
the channel deposi ts , which form the most p o t e n t i a l aquifer . 
When the flood water spreads over i t s banks, i t deposi ts 
l e n t i c u l a r bodies of sand which forms the moderately 
p o t e n t i a l l e n t i c u l a r aqu i fe r s . Further , when the flood 
water en t e r s the low lying or the back swamps/oxbolake 
areas , the suspended s i l t y mater ial are deposited which 
21) 
forms t h e l e n s o i d body of sand i n t e r c a l a t e d w i t h i n a t h i c k 
body of c l a y and forms a poor a q u i f e r o f t en with q u a l i t y 
p ro t l em due t o the non f lu sh ing of the a q u i f e r through 
annual r e c h a r g e , 
AQUIFER - GEOMETRY 
The Subsurface g e o l o g i c a l c r o s s - s e c t i o n s (AB, CD, EF, 
GH, I J and KL) of A t r a u l i Blcnk r e v e a l t he v e r t i c a l and 
p robab le l a t e r a l e x t e n t i o n of a q u i f e r s and c l a y beds , A 
p e r s u a l of t he se s e c t i o n s show t h a t t h e r e o c c u r s a t h r e e 
t i e r a q u i f e r system i n A t r a u l i Block down t o , 127 m . b . g . l . 
By and l a r g e t h e s e a q u i f e r s appear to merge with each 
o t h e r and behave as a s i n g l e bodied a q u i f e r system, They 
f u r t h e r show t h a t g r a n u l a r zones compr i s ing sand mixed 
with g r a v e l form about 50-60% of the t o t a l format ions 
.flidcounte-d^ down to a maximum depth of 127 m.g .b , 1 , The 
c l a y beds pinch o u t i n the c e n t r a l p a r t of t he a rea , and the 
g r a n u l a r zones a t t a i n g r e a t e r t h i c k n e s s t h e r e (AB), ^ h i s 
s i t u a t i o n c o n t i n u e s p r o g r e s s i v e l y i n the wes tern to south 
wes te rn d i r e c t i o n where the a q u i f e r s a t t a i n a maximum 
t h i c k n e s s of 80 meters (Se^fition G, H , ) . I n the o t h e r s e c t i o n s 
namely AB, CD and KL the g r a n u l a r zones predominate over 
the impervious beds , I ^ r e the p e r c e n t a g e of sand r anges 
between 40% to 60% of the t o t a l l i t h o u n i t s . The most 
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pecu l i a r s i t ua t i on i s observed in the North p a r t of the 
area (E, F, "Section) where the clay predominates over the 
sand, Ihe aquifer zones occur as l e n t i c u l a r bodies i n t e r -
ca la ted within the th ick c lay beds. Here the granular zones 
comprise 20% to 30% of the t o t a l s t r a t a encountered down 
to a depth of 120 m . b . g . l . Fine through medium to occasion-
a l l y coarse sand with the s l i g h t admixture of kankar gravel 
genera l ly comprises the aquifer mater ia l in the area . I^e 
sands have various shades of grey colour and are predomi-
nan t ly micaceous in na tu re . On the ba s i s of the s tud ies of 
l i t h o l o g i c a l logs of the bore-holes and t h e i r reported 
hydrological parameters, the aquifer , were c l a s s i f i e d in to 
two d i s t i n c t types. 
a) Shallow aquifers occurring within the depth 
50 meters b . g. 1. 
b) Eteeper aquifer ly ing between 50 m to 127 meter b , g . l . 
g^iallow aquifer : Shallow aquifers occur within the depth 
of 50 m, from the land surface, comprises mainly fine to 
medium sand. Ihe aquifer thickness va r i e s from 15-30 meters. 
Groundwater in these aquifer zones occurs under the water 
tab le condi t ion. Ihese aquifers are genera l ly tapped by 
open wel ls , hand pumps and shallow tube we l l s . Due to the 
23) 
excessive withdrawal of Waiter from these aquifers they are 
severely s t r a ind , Ihe discharge of these wel ls va r i e s from 
A 
30 to 50 m^/hour a t draw down of 3 to 4. 5 meters (IXitt, 1969), 
Efeeper Acruifers : 
Ihe- deeper aquifers occur in the depth range varying 
from 50-127 m.b.g. 1. separated by c lay beds. 
The study of the l i tho logy of the bore holes (Appendix 
VI) d r i l l e d as well as the aquifer parameters determined 
by the pumping t e s t s (Rao, 1965) show t h a t these aquifers 
occur under semi-confined to confined con<tions. The deep 
s t a t e tubewe^ls tapping genera l ly 40 to 60 metres of the 
3 3 
granular zones y ie ld 80 m /h to 225 m / h with draw downs 
varying from 5 to 11.27 metres(Rao 1965) , . 
Groundwater and i t s movement s 
In order to study the occurrence and movement of the 
groundwater in the area, depth to water leve l maps and water 
tab le contour maps have been prepared for the pre-monsoon 
and post-monsoon per iods . 
Cfepth to water level : Pla te XIV shows the depth to water 
leve l map for the pre-monsoon period (May/June, 1986) for 
PLATS - XIX 
DEPTH TO WATER LEVEL MAP IN ATRAULI 
BLOCK,DISTRICTALIGARH U. P. (JUNE 1986) 
(PRE MONSOON) 
P l a t e -
DEPTH TO WATER LEVEL MAP IN ATRAULI 
BLOCK,D!STRICT ALIGARH U.P (NOV. 1986) 
(POST MONSOON) Plate - ^ ' 
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the Atraul i Block, In general i t i s seen t h a t the depth 
to Water level va r i e s from 6-12 m.b.g. 1. Ihe Neem Khadir 
are marked by moderately f a l l o w depth ranging from 5, 0 
to 8.0 m.b.^tlhe depth of the water l eve l adjacent to the 
l e f t bank of Kali r i v e r v a r i e s from 10,0 m.b.g. 1. to 
12. 0 m .b .g .1 . 
In Artauli upland, i n general , i t has been observed 
t h a t depth to water leve l v a r i e s from 8, 0 - 12,0 m.b.g, 1, 
during May (1986), IJie average depth to water l eve l are 
found to be in the range of S-10 m , b , g , l , 
P la te XV shows pos t monsoon depth to water l eve l s 
in the Atraul i Block, In general the water l eve l are found 
*e-be between 6,0 to 10 m,b,g, 1, Ihe deeper water l eve l 
are marked around Atrauli town and in the area lying in 
N,W, of Atrauli town, Ihe pos t monsoon depth to water 
leve l in Neem and Kali Khadir rangesbetween 6,0 to 11,0 
m, b ,g . 1, 
Ihe deepest depth to water l eve l (11,5 m.b.gl , in 
the Atrauli block was recorded in the cen t r a l p a r t - as 
well a t the Atrauli ra i lway s t a t ion and the shallowest 
water l eve l (6 ) was recorded in the nor theas tern p a r t 
of the area. 
25) 
Ground water behaviour 
The wa t s r l eve l s of hydrograph (Elate - XVI) s t a t i on 
a t Atraul i have u t i l i s e d for the p repara t ion corfv inuous 
hydrographs of well with a view to studying i t s behaviour 
with repsec t s to time and space and t h e i r dependence on the 
na tu ra l phenomenon. 
Perusal of the hydrographs shows t h a t the water level 
v a r i a t i o n s i s ati :,. function of time and space. Water l e v e l s 
are deepest during the month of June and shallowest during 
October. 
I t i s a l so seen t h a t water l eve l s t a r t s r i s i n g 
during Ju ly through August and a t t a i n s maximum sa tu ra t ion 
leve l during october# From October onward there i s sharp 
decline t i l l December. From January onward, the f a l l i n 
water l eve l i s slow showing na tura l groundwater discharge 
through steady subsurface oxit^tov in harmony with regional 
ground water movement. 
Water l eve l f luc tua t ion : 
Water le'vel f luc tua t ion (Plate - XVII) i s a d i r e c t 
response of the groundwater recharge and discharge in an 
a rea . Since r a i n f a l l i s the p r inc ipa l source of groundwater 
recharge, water table r i s e has sympathetic r e l a t i o n to the 
r a i n f a l l in a p a r t i c u l a r per iod. I n t e n s i t y , duration and 
P(af« :cv; 
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d i s t r i b u t i o n of r a i n f a l l are the con t ro l l ing fac tors on 
groundwater recharge. In addi t ion, topography plays a 
v i t a l ro l e on the water t ab le f luc tua t ion and quantum of 
recharge . 
The water l eve l f luc tua t ion in the area has been 
worked out (%>pendix-2). The p l a t e shows t h a t the water 
l eve l f luc tua t ion in the area ranges from,£0.60 m, to 1,0, WA 
From the ' map i t has been found t h a t water leve l f luc tua t ion 
p a t t e r n can be divided in to following three zones( l ) Less 
than 0.60 m ( i i ) 0.60 m to 0.80 m. ( i i i ) 0.80 m to 1.0 m. 
The maxiimiro f luc tua t ion occurs in the cen t r a l p a r t 
of the area i . e . in the main Atrauli upland and in the 
northern p a r t of the area the f luc tuat ion i s moderate* 
The comparatively mild f luc tua t ion i s mainly a t t r i b u t e d 
to the scanty and sporadic r a i n f a l l during the r a iny 
season during the pa s t few years . 
Ground water Movement 
Water l eve l data of wells co l l ec t ed during pre 
and pos t monsoon were analysed arid a l t i t u d e s of water 
level with reference to the mean sea leve l were worked 
out . Ihe reduced l eve l of water with reference to the 
PLATE- ^^^ 
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d i s t r i b u t i o n of ra; infall are the con t ro l l i ng fac tors on 
groundwater recharge. In add i t ion , ' topography plays a 
v i t a l r o l e on the water tab le f luc tua t ion and quantum of 
recharge . 
The water l eve l f luc tuat ion in the area has been 
worked out (Appendix-2)• The p la te shows t h a t the water 
l eve l f luc tua t ion in the area ranges from 0.60 m, to 1.0. 
Ftom the map i t has been found t h a t water l eve l f luc tua t ion 
p a t t e r n can be divi<ted in to following th ree zones( l ) Less 
than 0.60 m ( i i ) 0.60 ra to 0.80 m, ( i i i ) 0.80 m to 1.0 m, 
Ihe maximum f luc tua t ion occurs in the cen t r a l p a r t 
of the area i . e . in the main Atrauli upland and in the 
northern p a r t of the area the f luc tua t ion i s moderate,. 
The comparatively mild f luc tua t ion i s mainly a t t r i b u t e d 
to the scanty and sporadic r a i n f a l l during the r a iny 
season during the pas t few years . 
Ground water tfovement 
Water leve l data of wells co l l ec t ed during pre 
and pos t monsoon were analysed arid a l t i t u d e s of water 
l eve l with reference to the mean sea l eve l were worked 
out , Ihe reduced leve l of water with reference to the 
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mean sea leve l were p lo t t ed and water t ab l e contour maps 
(Plate - XVIII and P la te - XIX) were prepared with contour 
i n t e r v a l of one meter. T3ie e leva t ion of water tab le ranges 
between 181 m in north west to 173 m in south e a s t above 
mean sea l e v e l . I t i s seen from the water t ab le contour map^ d 
t h a t the general ground water flow d i r ec t ion i s from North-
west to south-eas t with l i t t l e v a r i a t i o n caused by loca l 
f a c t o r s . In north eas te rn pa r t , ground water flows e a s t 
ward towards the Nim r i v e r and in western p a r t i t flows 
towards r i v e r Kali which shows e f f luen t nature of both Kali 
and Nim r i v e r s . In general the g rad ien t v a r i e s from 0.4 m/km 
to 0, 6 m/km. 
Ihe areas with wide contour spacing seems to possess 
high hydraul ic conductively than those with narrow spacing, 
^n north eas te rn p a r t of the area close to r i v e r Nim, the 
hydraul ic gradient ji i s very steep i . e . (2 m/km). This 
steep gradient may be due to low permeabi l i ty of aquifer 
ma te r i a l . Narrow spacing of the contours i s a lso observed 
in north western p a r t of the area. I t has been observed 
from the f i e ld survey t h a t the concentrat ion of wells in 
t h i s p a r t i s very high and due to the heavy with drawl the 
hydraul ic gradient i s s teep . 
* * * * 
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CHAPTER _ V 
WATER. BALANCE STUDIES 
Ground water development h a s i n c r e a s e d c o n s i d e r a b l y 
dur ing the l a s t two d e c ^ ^ S ' * p i i s development h a s taken 
p l a c e irrespect ive<;^the annual r e p l e n i s h m e n t . The ground 
water p o t e n t i a l of t he b a s i n was e v a l u a t e d main ly t o e s t i m a t e 
and r e g u l a t e the wi thdrawal from the a r e a . Ihe fl(g|ctuation 
w i t i i i n . t h e ground water l e v e l i s ;;^<i4dc:^ife/^,^ r e c h a r g e j^oTk^ 
discharga^ .vi'the a r e a , ^ u s the f a c t o r s of i n p u t and o u t p u t 
was e s t i m a t e d u s i n g the a v a i l a b l e da ta o f r a i n f a l l , i r r i g a t i o n 
and o t h e r r e cha rge components. Since the e v a p o r a t i o n f a c t o r 
wa' d i f f i c u l t so i t was n o t i n c l u d e d . 
I n the s t a t e of U,P, l a r g e s c a l e inj^udicious e x p l o r a t i o n 
of ground water r e s e r v o i r s have l e d t o a d ic l f in ing t r e n d s of 
water l e v e l i n some a r e a s and e x c e s s i v e i r r i g a t i o n h a s 
caused the wate r logg ing c o n d i t i o n s i n the c a n a l command area*b 
^ i s h a s n e c e s s i t a t e d the evo lv ing of a r e a l i s t i c 
approach fo r qu ick a p p r a i s a l of a v a i l a b l e ground water r e s o u r c e 
of an a r e a . Under the c i r c u m s t a n c e s , t he s i t u a t i o i n n e c e s s i t a t e s 
the p r e c i s e e v o l u a t i o n of the ground water r e s o u r c e i n a 
r e s o n a b l y c ^ managed^7 a r ea of l i m i t e d e x t e n t . 
29) 
Ground water recharge; The principal source of 
natural recharge to the ground water body is precipita-
tion and other sources of recharge are the influent 
stream flow, surface reservoirs, excess irrigation and 
seepage from canal etc. The area under study has no 
reservoir or canal through which considerable amount 
of seepage to the ground water body could be antici-
pated. It is stated that the only river draining the 
area is Kali river. It Is effluent and as such there 
may not be any recharge to the ground water body from 
the river. The only source of recharge to the ground 
water body in the region appears to be 1) precipitation 
(2) return of the excess irrigation water. The pro-
cesses of ground water recharge involved the hydro-
metereologicals as well as hydro geological processes 
taking place on the earth surface and it also involves 
the subsurface lithological characteristics of the 
aguifers. The major source of ground water recharge 
in the Atrauli block are as follows: 
1, Recharge through rainfall 
2, Recharge through the irrigation return flow 
There are mainly two methods to estimate the ground 
water recharge. 
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1. Water ba l ance method 
2, Seasonal f l u c t u a t i o n and s p e c i f i c y i e l d method. 
In view o f the p r e v a i l i n g i r r i g a t i o n p a t t e r n i n the study-
a r e a , t h e seepage l o s s t o the a q u i f e r w i l l be ve ry s i g n i f i -
c a n t , hence t h e e s t i m a t i o n by seasonal f l a c t u a t i o n and s p e c i f i c 
y i e l d h a s been adopted for the e v o l u t i o n o f ground water 
r e c h a r g e , 
GROUND WATER RBCHARGE BY SPECIFIC YIELD METHOD 
1, Recharge Area - 380 S^./f(,y^ 
Average f l a c u t a t i o n « !• 1 m. 
Average s p e c i f i c y i e l d = 15% 
Ground wate r recharge:=Area invo lve x Average f l a c t u a t i o n 
X Average s p e c i f i c y i e l d 
380 X ^ ^ ~ X 1 . 1 = 62.70 MCM 
RECHARGE THROUGH IRRIGATION RETURN FLOW 
T o t a l Draf t , - 33.34 MCM 
I n f i l t r a t i o n s . 15% 
Ground water r e cha rge = 33.34 x 0 .15 = 5.00 M ^ ^ ^ 
To ta l i r r i g a t i o n r e t u r n flow = 5,00 ^ " 
Gross ground water r e c h a r g e = 62.7 "*" 5 . ' « .• ^^- '^/V-CAI 
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GROUND WATER mAFT s The ground Water i s be ing tapped through 
open w e l l s , hand pump, shal low t u t e - w e l l s , anc( . deep tube w e l l s , 
i n the A t r a u l i t h e s e a re i n fo l lowing i n number. 
1 . Number of g o v t , tube w e l l s - 116 
2 . Noli of pakka w e l l s - 960 
3 . No. of Rahat - 291 
4. a i a l l o w tube w e l l s - 1094 
5. Efeep tube w e l l s - 12 
6 . Hand pumps - 2328 
7 . P r i v a t e shal low tube w e l l s - 1097 
Draf t by t h e s t a t e tube w e l l s 
U n i t d r a f t o f the s t a t e tube wel l - - 0.17 5 
No, of s t a t e tube w e l l s - 116 
To ta l d r a f t - U n i t d r a f t X No of 
S t a t e tube w e l l s 
0.175 X 116 = 20 .3 MCM 
Dpaft b y ' s h a l l o w tube w e l l s 
U n i t d r a f t -. 0.0105 
No. of shal low txibe w e l l s ^ 1094 
To ta l d r a f t - U n i t d r a f t X No. of shal low tube w e l l s 
0.0105 X 1094 - 11.487 MCM 
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Qraf t bv hand pump 
U n i t d r a f t - 0.00036 
No. of hand piirnps - 2328 
To ta l Draf t _ u n i t d r a f t x Nc:? of h and pumps 
0.00036 X 2328^=r 0.08 MCM 
Draf t bv duo w e l l s 
U n i t d r a f t __ 0. 000036 
No. o f dug v#ells ^ 9 6 0 
Tota l d r a f t - _ u n i t d r a f t x No. of dug w e l l s 
0.000036 jt 960 -::.0.34 MCM 
Draf t bv Rah a t 
U n i t d r a f t - 0.005 
No. o f Rahat - 291 
To t a l d r a f t - u n i t d r a f t x No. o f Rabat 
0.005 X 291 s 1.45 
TOTAL DRAFT i 2 0 . 3 ^ 1 1 . 48/4^0. 08 ,^0 . 34/+-1. 45 jEp33. 34 MCM 
TrKthydrologic e q u a t i o n whic±i i s b a s i c a l l y a s t a t emen t 
of t he law of csanservation of ma t t e r 
? h e l p s t o def ine the wate r b e l a n c e . I t s t a t e s t h a t i n 
s p e c i f i c p e r i o d of time a l l t he water e n t e r i n g ir^othe a r ea 
must be equa l to the amount of water l e a v i n g from the a rea 
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+ change in the storage in the area. In the case of 
ground water system the water balance in its simplest 
form expressed as + S = I - 0 
Where I = inflow 
0 = Out flow 
S = Change in storage 
Gross Recharge = 67.7 M.C.M. 
Recoverable Recharge = 70% of the gross recharge 
obtained as above is taken as recoverable recharge 
in the area. 
67.7 X j ~ - = 47.49 M.C.M. 
+ S = I - 0 
47.39 - 33.34 = 14.06 M.C.M. 
Table - 4: Estimation of Ground water Balance available 
for future development in Atrauli area. 
Gross Usable Provi- Resour- Ground Avai-
Area Recha-
rge in 
MCM 
Resource 
in MCM 
sion 
for 
Domes-
tic and 
Indust-
rial 
uses 
ce Avai-
lable 
for irr-
igation 
Water 
Draft 
1986 
lable 
for 
future 
'Oeve-
lopment 
380 67.7 47.39 9.4 37.9 33.34 14.06 
STAGE OF GROUND WATER DEVELOPMENT IN ATRAULI AREA; 
In order to determine the stage of ground water 
development in the study area NABARD's norms has been 
taken into account which is as follows: 
State of ground water development= ^et yearly draft ^ ^^^ 
• Net recoverable 
recharge 
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An area with development l e s s than 65% in considered 
as WHITE, 6556 to 85% as GREY and more than 85% development 
a4 DARK. 
33 34 Stage of ground water in Atrauli area = * ^QQ _ ^-7^ ^^ 
In Atrauli area aroundT^g^ground water resources have been 
developed and so i t f a l l s i n ^ ^ ^ " c a t e g o r y which ind ica te 
the shortage of water the future development in the 
a rea . 
35) 
CHAPTER - VI 
H Y D R_0 C H E M I S T R Y 
In o r d e r t o s tudy t h e , Q u a l i t y i n a l l 25 ' * 
samples v^re c o l l e c t e d dur ing May-June 198'5 from d i f f e r e n t 
G.W. s t a t i o n s l i k e open w e l l s , shal low and deep t u b e w e l l s 
Spread over the e n t i r e a r e a . Water samples were a l s o 
c o l l e c t e d from the su r face water b o d i e s such as r i v e r , 
l a k e s and ponds . The wate r samples c o l l e c t e d were p u t to 
p a r t i a l and complete chemical a n a l y s i s i n t h e S r i Ram 
I n s t i t u t e for I n d u s t r i a l research ,New De lh i , 
Method of C o l l e c t i o p : The sample for p a r t i a l chemical 
a n a l y s i s were c o l l e c t e d i n we l l c l e a n <L V. 5 one l i t e r 
c a p a c i t y , double s toppered p a l e t h e n e b o t t l e s . The b o t t l e s 
a f t e r the c o l l e c t i o n of samples were w i t h '•-".• - and 
then > ;^  ---a? i s e a l e d with wax i n t e s t e n t l y i n the f i e l d . 
Another group of samples for t r a c e e l e m e n t s s t u d i e s 
f4//0re c o l l e c t e d from the s e l e c t e d w e l l s i n the - po ly thene 
b o t t l e s . This group of samples w e r e t r e a t e d a t s i t e immedia te ly 
HNo3 
with 10 m, 1, ^-. ""_ \ and then kep t and- s e a l e d with wax 
as above. 
Ana^vt ica l procedure* ; Ihe samples for t h e p a r t i a l a n a l y s i s 
"J^Mj^ as p e r s t a n d a r d methods recommended by APHA (1980) , Water 
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Samples for heavy metals ana lys i s were f i i t e r e d through 
Watt man's f i l t e r paper No. 1 and 500 ml of f i l t e r e d samples 
were ac id i f i ed again with 5 ml •of 6N, HNOn before concen-
t r a t i n g to 50 ml, Ihe samples were analysed for major element 
l i k e , Na, Ca, Mg, CI, SO , carbonate and b icarbonate . For 
the t race elements l i k e . I ron, Copper, 2 inc , Maganese, cobal t . 
Nickels, lead. Chromium and Cadmium. Both ca t ions and anaions 
are (tetermined by valumetric techniques except sodium and 
sulphQjte^ The sulphate was determined by the C-^. •-^-^^-^'^''^'''^^''' 
method and .the sodiiim was determined by the Atomic Absorption 
Spectrophotometer. The t race elements were determined with the 
he lp of Atomic Absorption Spectrophotometer. 
MAJOR ELEMENTS : (i^pendix - V) 
1. Hydrogen Ion Concentration (pH) : 
Generally the shallow groundwater in the area i s 
moderabil i ty to h ighly a lka l ine in reac t ion with value of 
pH raning between 7.47 and 8.15. Pi)\,yjever in the Atrauli main 
block pH values i s higher in comparison to o ther p a r t s of the 
a rea . TI.i. _ . ^^  _ue *:« . 
In general the pH of water i s with in the permiss ible l im i t s 
for potable water. 
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2. E l e c t r i c a l conduct iv i ty (E.C, micromhos/Cm a t 25°C) : 
E l e c t r i c a l conc3uctivity i s the measure of the 
minera l i sa t ion and i s i nd ica t ive of s a l i n i t y of ground 
watefi. As the data shows t h a t the spec i f i c conductance of 
the shallow ground water in the major p a r t of the area 
v a r i e s between 435 and 1213 microitihos/cm a t 25°C, Highest 
value was recorded a t well water of Pa l i Makkhimpur. 
3. Carbonate-? s Ihe concentrat ion of carbonate ranges from 
Nil t to 47 .*ppm, Ihe h ighes t value was recorded in ground 
water sample of Kazimabad, 
4. Bicarbonate* : Bicarbonate concentrat ion v a r i e s from 
247 to 580 ppm. I t may be added t h a t bicarbonate content 
in grounwater i s dependent upon the p a r t i a l pressure of 
of carbon dioxide in the s o i l . Bicarbonate shows f luctuat ion 
depending upon CO- pressure in the s o i l , 
5. Chlorides s The concentrat ion of chlor ide in g.w, of 
the study area v a r i e s from 22 to 122 ppm and i s su i t ab le 
for drinking and i r r i g a t i o n purposes as par Indian council 
of Medical Research Cl975) standards v*iich pu t s the desi rable 
l i m i t of chlor ide in drinking water to be 250 ppm, 
6. Sulphate^ : The sulphate concentrat ion was found to 
vary from 3 5 t^gJ[J&jJ^'*tTb^jJ3^g^est concentrat ion was found 
A l t \ . 
38) 
in Haibatpur. In major p a r t of the area, the sulphate 
concentrat ion was found with in the permissible l i m i t of 
250 ppm. High concentration of sulphate may be because of 
sodium sulphate and low concentrat ion ' •• be because of l e s s 
oxidat ion of sulphide to sulphate . 
7. Total Hardness : This has been measured as CaCO^ and 
ranges from /^'o ppnti to 5*20ppm. Most of the Water in the 
area i s found with.3in the permissible l i m i t of 300 ppm. 
At p laces the concentration was found higher than the 
permissible l i m i t . 
8. Sodiurn : ^ e concentrat ion of sodium ranges between 69 
ppm to 260 ppm. ^ e h ighes t concentrat ion was recorded in 
Jhajhirga well water samples. However the concentrat ion of 
sodium was found well with in the reasonable l i m i t s . Sodium 
concentrat ion in drinking water around 200 ppm may be harmful 
to persons suffering from cardiac , rena l and diseases p ^ t a i n i n g 
to c i r c u l a t o r y system, 
9. Calcium t The concentrat ion of calcium in the ground 
water of the area ranges between 27 ppm to 110 ppm. Ihe 
h ighes t value i s recorded in well water of chamxiha v i l l a g e . 
The absence of calcium in very soft water has been 
considered responsible for .i^::^;~t*, decayed tee th e t c . while 
39) 
hard water having high calcium concentrat ion may add to ur inary 
disorder e t c . The l i m i t s of calcitiro in drinking waters are not 
based on hea l th considerat ion as even waters having 1000 ppm 
of calcium i s harmless, 
10, Maanesium : I t i s one of the cons t i tuen t responsible for 
hardness of water^ while low concentra t ions are not harmful^ 
higher concentrat ion are l a x a t i v e . The concentrat ion of 
magnesium has been found to be vary from 28 ppm to ' ^^ppm. 
The h ighes t concentrat ion was found in well water of ^-
Total Dissolved Solids t The t o t a l dissolved so l ids are 
d i r e c t l y r e l a t e d with e l e c t r i c a l conduct iv i ty or s a l i n i t y , 
Indian Council of ^ d i c a l Research v*iile recommending 500 
TDS in potable water has also l a i d maximum permissible 
l i m i t s of 1500 ppm TDS \ ^e re no a l t e r n a t i v e source i s 
ava i l ab le , TDS ranges between 3 20 to 6i6 ppm. 
Trace-elements : The passed three decades have got the 
remarkable a chance in the appreciat ion of "significant 
ro le played by the so ca l l ed "Trace elements" in the 
d i e t of human and animals anc3 for the p l an t growth. Although 
human being and animals may get a p a r t of t o t a l intake of 
t h i s t race elements supplied through the medium of drinking 
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water and beverage,however most anthomities have led down 
upper l i m i t s and the permissible concentrat ion of these 
cons l tuen ts in polrtable water. The presen t t e x t deselrtibes the 
t o t a l concentrat ion of parameters on t race elements presen t 
in the iSfelfc.- of study area ( ^pend ix - VI), 
Iron X I t i s / e s s e n t i a l nu t r i en t en t for human aminals and 
p l a n t s . I t s concentrat ion in the shallow ground water ranges 
between 0.187 to 1.493 ppm, "Hie maximum concentrat ion was 
observed in open well water a t main Atrauli 4*i^ M^ 
Copper : Copper i s an e s s e n t i a l element in the human metabo-
lism (WHO 1973) and i s «s-- a t to •^ _. diverse a c t i v i t i e s 
as He mi ^ syn thes i s , c o n n e c t i ^ ^ t i s s u e i metabolism, bone develop-
ment and nerve function. The concentrat ion ranges between 
0.155 to 0,246 ppm, v*iich i s below permiss ible l i m i t for the use 
of drinking water. The maximum concentrat ion was recorded a t 
the Sierpur wel l . • 
^incf. : Tlie concentrat ion of the zinc ranges between 0.241 
to 1. 510 ppm. The maximum concentration was recorded from 
ground water sample of Klr tha la v i l l a g e . 
Manaanese : Manganese a c t i v a t e s a l o s t of I n t r a - c e l l u l a r 
enzymes. I t has also neurological symptoms. The manganese 
concentrat ion va r i e s Ibetween 0.074 to 0,17 5 ppm. The maximum 
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concentrat ion was recorded in the v?ell of main Atrauli "^eS^ '^ 
Lead : lead i s a hazardous and p o t e n t i a l l y harmful po l lu t ing 
agent. I t has i t s impact both an man and animal. Lead 
poisonning i s accompanied by symptoms of i n t e s t i n a l cramps. 
Perepheral nerve p a r a l y s i s . Anaemia and severe fa t igue . 
The concentration of the lead ranges between 0,089 to 
* 
0,114 ppm. An alarming concentrat ion of lead i s present 
in some samples of the study area. "Die concentrat ion i s 
maximum than the permissible l i m i t recommended by W,H.0, and i t 
can e n t a i l above mention desease i f i t w i l l accumulates in 
the human body, 
Chromitjim » Bfexaval^ent chromium i s h ighly tox ic vAiile t r ival l^ent 
chromium i s e s s e n t i a l for e f f i c i e n t l i m i t s for Glucose and 
proftena metabolism (U, S. Environmental agency p a r t I I 1983) 
The concentrat ion range^-^between 0.029 to 0,073 ppm, Ihe maximum 
concentrat ion was observed in the sample of Kir thala v i l l a g e , 
C 
Cadmium t I t i s h ighly tox ic metal and i s widly d i s t r i bu t ed 
in the environment in t race amount. Cadmium in high concentra-
t ion i s deadly poisoning but small amount of cadmium taken 
for a long period of time, i f accumulates in the body, 
, then i t causes ser ious i l l n e s s . I t has got the cxomulative 
and h ighly tox ic e f f ec t on human. The concentrat ion ranges 
between 0,024 to 0,039 ppm. The maximum concentrat ion was 
recorded inthe ground water sample of Kir tha la Vi l lage, 
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WATER QUALITY CRITERIA : 
The term q u a l i t y a s a p p l i e d to wa te r embraces the 
combined p h y s i c a l , chemical and b i o l o g i c a l c h a r a c t e r i s t i c s 
and i s a dominant f a c t o r i n de te rmin ing t h e adequacy of 
any supply t o s a t i s f y the r e q u i r e r t a n t s o f v a r i o u s wa te r u s e s , 
"Hie i n t e r p r e t a t i o n of a chemical a n a l y s e s i s h i g h l y s u b j e c t i v e 
m a t t e r and i s n o t p o s s i b l e t o have a s i n g l e c r i t e r i a t h a t 
can have u n i v e r s a l a p p l i c a t i o n , ^ e r e f o r e , a c e r t a i n accepted 
s t anda rd h a s been adopted v^iile doing the i n t e r p r e t a t i o n of 
chemical a r t a l y s i s r e s u l t of wa te r i n r e l a t i o n t o i t s u s e . 
Ihe main c l a s s e s of u s e s are t 
1 . Aamestic 
2. A g r i c u l t u r a l 
3 . I n d u s t r i a l 
WATER QUALITY FOR DOMESTIC AND MUNICIPAL USES : 
Var ious o r g a n i s a t i o n / ^ a l l over the world, v i z . , 
USPHA (19 62) , world Health Organ i sa t i on (197 5, 1984) and 
Ind i an Counci l o f ^ d i c a l Research (1975) have l a i d down 
c e r t a i n g u i d e l i n e s for e v a l u a t i o n of wate r q u a l i t y for 
domest ic o r munic ipa l s u p p l i e s . The p r imary aim of t he se 
g u i d e l i n e s i s the p r o t e c t i o n of p u b l i c h e a l t h and wel l 
be ing of mankind. 
43) 
On the same guicSeline the concentra t ion of var ious 
major and t race elements encountered in the water samples 
of the study area as compared with the drinking water standard 
on Wbrl^jlHealth Organisation (1984) and Indian Council of 
Medical Research (1975) v*iich i s given in Table 5» . 
A perusa l of t ab le shows t h a t the "•— _ . of 
pH, spec i f ic conduct ivi ty , Ca, Mg, CI, Na and K are within 
the permissible l i m i t s of World Health Organisation (1984), 
Hence they can not cause any hazard in drinking water of 
Atrauli Block, However, the concentrat ion of c e r t a in t race 
elements, l i k e , Cd, Pb, Cr, Pe has been encountered higher 
than t h e i r standard l i m i t in drinking water." These t race 
elements are probably most harmful and i n s id ious p o l l u t a n t s 
because of t h e i r biological* non-biodegradable nature and 
t h e i r p o t e n t i a l to cause adverse e f f e c t s in human being a t 
ce r t a in l eve l of exposure and absorpt ion. Ihe harmful e f f ec t s 
are l inked to accumulation in b io log ica l system even in t h e i r 
lowest form of development. Many workers have studied the 
qua l i t y of drinking water in r e l a t ion to t r ace elements 
(Craun and Mc Cabe, 197 5; Ngri, e t a l», 197 5; Oiwin, 1977; 
Schroeder and Kraemer, 1974). 
These s tudies have ind ica ted an associa t ion between 
water q u a l i t y and mor ta l i ty from cadiovascular and o ther 
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45) 
c h r o n i c d i s e a s e s , A s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n between 
m o r t a l i t y from v a r i o u s t y p e s of cancer and c o n c e n t r a t i o n of 
t r a c e me ta l s i n water s u p p l i e s h a s a l s o been d e s c r i b e d (Berg 
and Burbank, 1972; Sunderraan, 1977). 
WATER QUALITY K3R IRRIGATION t 
Water q u a l i t y c r i t e r i a for the i r r i g a t i o n i s a complex 
s u b j e c t , because growth of p a r t i c u l a r crop depends on many 
f a c t o r s a n d ' n o t merely on chemis t ry of i r r i g a t i o n w a t e r . 
The n a t u r e o f s o i l , the c l i m a t e , t he type o f c rop , t he i r r i g a t i o n 
method and t h e l o c a l d ra inage c o n d i t i o n s a r e some o f the f a c t o r s . 
I n o r d e r to s tudy the s u i t a b i l i t y of ground water 
i n A t r a u l i Block for a g r i c u l t u r a l u s e s , the e l e c t r i c a l 
c o n d u c t i v i t y , j r e l a t i v e p r o p o r t i o n of sodium t o o t h e r c a t i o n s 
and c o n c e n t r a t i o n of c e r t a i n s p e c i f i c e l e m e n t s were ana lysed 
and the d a t a o b t a i n e d from chemical a n a l y s i s of ground water 
samples were p rocessed and i n t e r p r e t e d on t h e e s t a b l i s h e d 
g u i d e l i n e proposed by v a r i o u s s c i e n t i s t s of t he d i s c i p l i n e , 
SALANITY AND SODIUM HAg.ARD : 
I t i s we l l e s t a b l i s h e d f a c t t h a t crop p roduc t i on o r even 
the ge rmina t ion of seed i s reduced, when e x c e s s i v e accumulat ion 
46) 
of sa l t ex i s t on agricultural s o i l . I r r iga t ion water i s one 
of the major fcontributors of soluble sa l t s in soil in addition 
to those already present. Therefore, i r r iga t ion water play 
a major role in agricultural pract ices . Among the potential 
hazards to crop by i r r iga t ion water i s sa l in i ty or sodixim 
hazard, 
A soil high in exchangeable sodium i s very undesirable 
for agriculture because i t can become defloculated and tend to 
have a re la t ive ly impermeable crust . This condition i s promoted 
by water of high S.A.R, and reversed by water containing high 
proportion of calcium and magnesitim (Hem, 19 59), 
In place of r ig id l imi t s of sa l in i ty / for i r r igat ion 
water, quali ty i s expressed by classes of re la t ive su i tab i l i ty 
(Wilcox, 19 55), Wilcox prepared a c lass i f ica t ion based on 
the e lec t r i ca l conductivity, per cent sodium, and boron 
concentration for i r r iga t ion water which i s as under *-
Table - 6 t Quality c lass i f icat ion of water for I r r igat ion 
(After Wilcox, 1955) 
Water Class Percent Sodium Specific conductance 
250 
250-7 50 
7 50-2000 
2000-3000 
3000 
E x c e l l e n t 
Good 
P e r m i s s i b l e 
Doubtful 
Unsu i t ab l e 
20 
20-40 
40-60 
60-80 
80 
47) 
Ttie r e s u l t s of the chemical ana lys i s data show 
t h a t the ground water in Atraul i Block, i s potable , hard, 
a lka l ine in reac t ion and moderately mineralized and i s a 
a lka l ine-b icarbonate type . Trace element s tud ies show t h a t the 
concentrat ion of heavy tox ic metals l ike Cd, Pb, Cr in 
the shallow aquifer water i s more than t h e i r permissible 
l i m i t which may e n t a i l var ious hea l th hazards to the 
i nhab i t an t s of the Block. However, concentrat ion of these 
heavy tox ic elements were found to be well within the l i m i t 
in the ground water of the deeper aqu i fe r s . However, the 
ground water in the Block i s su i tab le for domestic, i r r i g a t i o n 
and i n d u s t r i a l u ses . 
48) 
SUMMARY AND CONCIUSION 
Al igarh forms one of the most p rominen t d i s t r i c t s o f 
Ganga-Yamuna doab and i s d i v i s i b l e i n t o t h r e e d i s t i n c t 
p h y s i o g r a p h i c u n i t s i . e . E a s t e r n and Western up land and 
c e n t r a l d i p r e s s i o n . The A t r a u l i b lock i s p a r t of e a s t e r n 
upland which i s f u r t h e r d i v i s i b l e i n t o two p h y s i o g r a p h i c 
u n i t i . e . Kali-Nim Khadir and Eas t e rn up l and . 
The a r e a l i e s under the sxibt ropical c l i m a t i c zone. The 
mean.annual r a i n f a l l a s computed from the p e r i o d IQOl to 1986 
f 
i s 771 mm. 
The area i s underla in by the alluvium of Quarternary 
age which was deposited on the eVb6e6 and s t r u c t u a l l y disturb^-^ 
surface of lower Bhander l ime-stone belonging to the tipper 
Vindh^yan group. The alluviam comprises sand, s i l t , c lay and 
kankar in varying propor t ions . 
From the geological c ross - sec t ion of Atrauli block 
i t i s evident t h a t there occurs three—tier aquifer , system 
down to depth of 127 m.b.g. 1. Ihese aquifer f i n a l l y merge and 
behave as a s ingle bodied/v^ In the cen t ra l and north eas te rn 
p a r t s the granular zones a t t a i n the g rea t e r th ickness . This 
s i tua t ion continou<^progressively in the western to south 
western p a r t s where the aquifer a t t a i n s a maximum thickness 
of 80 m (Section GH). In the northern^over the sand (Section 
SF) there the aquifer zones occur as a l e n t i c u l a r bodies 
49) 
i-S,.-^-^i: r--rc* :. within the th ick c lay bed, Ihe ground water 
occiirs in the shallow aquifer under phe ra t i c condit ion while 
in deeper aquifer ranging in depth from 50 to 127 m.b.g. 1, 
under semi-confined to confined condit ion depending on the ~ 
s i t ua t ion where they are bounded from t h e i r top by aquilgycd 
and -y: .jG^rS-.^- r e spec t ive ly . This has been ^^^L.:-'. .^-.:-^ ': through 
conducting p^amping t e s t by e a r l i e r workers (Rao 1965). 
Eepth to water l eve l maps reveal t h a t in general depth 
to Water v a r i e s from 6,0 to 12.0 m.b.g. 1, in Atrauli block. 
Bie water l eve l i s moderately shallow \irfiere i t ranges between 
6,0 to 8,0 ro.b.g.l. In Atrauli upland and adjecent to l e f t 
bank of Kali r i v e r the water l eve l v a r i e s between 10,0 to 
12, 0 ro,b.g, 1, 
The water l eve l f luc tua t ion in the area ranges from 
ZJ3. 6 to 1, 0 ra. 
^ e area has been demarcated in three water l eve l 
f luc tua t ion zones i , e . ^0 ,6 , 0 ,6 -0 ,8 ,^0 ,8 -1 ,0 m, r e spec t ive ly . 
The e levat ion of the water t ab le ranges between 
181 m, s , l , in North western to 173 m, s, 1, in South eas t e rn /6^y-
•ii.rii-^ - "i* l^e general ground water flow d i rec t ion i s from 
north western to southeastern with l i t t l e var ia t ion-" • Czvu^^^J-^ 
the loca l f a c t o r s . In general the g rad ien t v a r i e s from 0,4 
m/km to 0,6 m/km. 
50) 
The ground water recharge has been ca lcu la ted by using 
spec i f ic y ie ld and water l eve l f luc tuat ion methods. Ihe 
recharge through i r r i g a t i o n xeturn flow .•^- a lso been 
ca lcu la ted . The g r ^ s ground water recharge ±s Cr?-'^-MCM, 
The draf t through various ground water s t r u c t u r e s have been 
ca lcu la ted as 33.34 MCM. 
To determine the stage of ground water development 
NABARD'S norm has been taken in to cons idera t ion . In Atrauli 
area ^ '^^Vground water has been exploi ted which put/>the area 
as per the NABARD' S norm under tlie(^<sj^. ca tegory. In view of 
the fac t t h a t "^=?6f ground water has been developed, there u)i'/f 
^j - shor tage of ground water for future development in the 
block. The shallow aqui fers are highly s t r a ined due to over 
development, therefore i t i s suggested t h a t e x p l o i t a t i o n of 
ground water from shallow aquifer should be r e s t r i c t e d , ^ d e e p e r 
aqxiiferi»may be u t i l i z e d for future development. Ihe ground 
water should be rechargei;^through const ruct ion of unl ined 
canal in the block. The ground water of Atraul i block i s 
potable , hard a lka l ine in reac t ion and moderately mineralized^ 
'pie ground water i s^a lka l ine bicarbonate type . Ihe water i s 
su i table for I r r i g a t i o n a l , domestic and i n d u s t r i a l purposes. 
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A P P E N D I C E S 
APFE?OIX-I -
ANNUAL RAII^ALL IN n.:r AT ATl-^AUrj RAI'!C-::-.uGE .CTATIC^-
ALIG A nH D: f>T"< TCT 
S . No. 
1 
•* • 2, 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16, 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
Year 
1901 
1902 
1903 
1904 
1905 
19 06 
1907 
1908 
1909 
1910 
•' 1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 . 
Rainfall 
358 
474 
532 
480 
383 
980 
570 
525 
660 
75 0 
74 0 
420 
605 
717 
540 
1120 
835 
• 380 
860 
460 
1170 
910 
640 
840 
670 
640 
900 
570 
410 
450 
600 
560 
1300 
830 
730 
780 
530 
510 
900 
800 
350 
1140 
700 
5. NO. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. -
73. 
' 74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
S3 . 
84. 
85. 
86. 
Year 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
• 1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
Rainfall 
610 
800 
790 
780 
820 
718 
900 
905 
744 
442 
911 
1164 
842 
75 
902 
513 
769 
885 
695 
928 
905 
696 
574 
1224 
696 
997 
964 
1092 
1006 
1973 
112 0 
949 
973 
1291 
997 
334 
762 
495 • 
93^ 
1402 
660 
765 
STATISTICAL ANALYSIS OF RAINFALL DATA, ATRAULI RAINGAUGE STATION, 
ALIGARH DISTRICT 
C l a s s I n t e r v a l F r e q u e n c y < f ) U U" Uf U^f 
300 -400 
4 0 0 - 5 0 0 
5 0 0 - 6 0 0 
6 0 0 - 7 0 0 
700-800 
8 0 0 - 9 0 0 
900-rOOO 
1 0 0 0 - 1 1 0 0 
1 1 0 0 - 1 2 0 0 
1200 -1300 
1 3 0 0 - 1 4 0 0 
1 4 0 0 - 1 5 0 0 
5 
8 
10 
10 
13 
9 
17 
2 
5 
2 
1 
1 
-5 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
6 
25 
16 
9 
4 
1 
0 
1 
4 
9 
16 
25 
36 
-25 
-32 
-30 
-20 
-13 
0 
17 
4 
• 15 
8 
5 
6 
125 
128 
90 
40 
13 
0 
17 
8 
45 
32 
25 
36 
f = 83 
Mean R a i n f a l l = X = Xo + CC- Uf 
X = 850 + 100 X ( ^ ) 
= 350 •(- ( - 7 8 . 3 ) 
= 7 7 1 . 7 
The mean r a i n f a l l = 7 7 1 . 7 mm 
Uf = 65 U f = 559 
' U f 2 
Standard Deviat ion = S.D. = C__/ ^ -
= 1 0 0 _ / ^ - ( | | , ^ 
= 247.4 
Coef f i c i en t of Var ia t ion (%) = % ^ x 100 
mean 
247.4 - ^ „ 
= 32 .1 
TUBE WELL NO. 1 2 2 
VILLAGE - CHANDAULI 
S.NO. UTHDLOGY THICKNESS DEPTH 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
Surface c l a y 
ELne sand 
Medixun sand 
Hard c l a y 
Clay 
Fine sand 
Clay 
Msdiura sand 
Sand & kankar 
Hard Clay 
3 .96 
14.40 
10.00 
6.66 
12 .54 
3.33 
7 .26 
30.24 
1.98 
3 .96 
0.00 _ 
3 .96 -
18.3 6 -
28.3 6 _ 
3 5.02 -
47. 56 _ 
50.89 -
58.15 -
88.39 -
90.37 -
3 .96 
18.36 
28.36 
3 5.02 
47.56 
50.89 
58.15 
88.39 
90.37 
94 .33 
TUBE WELL NO. I l 8 
VILLAGE.. GAWAN KHERA 
S.NO. LITHOLOGY THICKNESS EEPTH 
1. Hard Clay 10.66 0.0 - 10.66 
2. Pine sand 8.18 10.66 - 18.84 
3 . Msditun sand 4.32 1 8 . 8 4 - 23.16 
4.- ,Hard clay 8.18 2 3 . 1 6 - 3 1 . 3 4 
5. Fine sand 4.00 31.34 - 3 5.34 
,6 . Clay kankar 21.45 3 5.34 - 56.79 
7. Fine sand 3.33 56.79 - 60.12 
8. Hard clay kankar 9.57 60.12 - 69.69 
9. Sandy kankar 9.3 6 69.69 - 79.05 
10. Fine sand 9.3$ 79,05 - 88,41 
11 . Hard clay 0.99 88.41 - 89.40 
122. Msdiutn sand 5.61 89.40 - 9 5.01 
TUBS WELL NO. 117 
VILLAGB - ALAMPUR RAINI 
S,NO. LITHOLOGY 
1 . 
2 , 
3 . 
4 . 
5 , 
6 . 
7 , 
8 . 
9 . 
10 . 
1 1 . 
S u r f a c e c l a y 
P ine s a n d 
Hard clay-
F ine s a n d 
C l a y 
Kankar 
F ine sand 
C l a y 
Sand 
Hard c l a y 
Sand 
THICKNESS I^PTH 
3 . 9 6 
3 . 9 6 
3 . 9 6 
1 0 . 0 0 
5 . 0 0 
3 . 3 3 
6 .27 
1 1 . 8 8 
20 .23 
5 .26 
7.88 
0.00 - 3.96 
3.96 - 7.92 
7.92 - 11.88 
11.88 - 21.88 
21.88 - 26.88 
26,88 - 3 0.21 
30.21 - 36.48 
36.48 - 48.36 
48.3 6 - 68. 59 
68.59 - 73.85 
73.85 - 81.73 
TUBE WELL NO. 116 
VILLAGE ~ URBNI ^ 
S.NO, LITHOLOGY THICKNESS DEPTH 
1 . 
2 . 
3 . 
4 . 
5 . 
S u r f a c e c l a y 
P ine s a n d 
C l a y & Kankar 
f MedlTim sand 
Sandy c l a y 
6 .7 
1 0 . 3 0 
3 0 . 8 0 
4 8 . 8 0 
1 8 . 3 0 
0 . 0 0 
6 .7 0 
1 7 . 0 0 
4 7 . 8 0 
9 6 . 6 0 
- 6 . 7 0 
- 1 7 . 0 0 
- 4 7 . 8 0 
- 9 6 . 6 0 
- 1 1 4 . 9 0 
TUBS WELL NO. 1 1 4 
VILLAGE -. CHAUMOHAN 
S.NO. LITHOLOGY THICKNESS DEPTH 
1 . 
2 . 
3 . 
4 . 
5 . 
Surface clay 
Fine sand 
Medium sand 
Course sand 
Clay St kankar 
6.10 
12.20 
18.3 0 
49.80 
11.20 
0.00 -
6. 10 -
18.30 -
36.60 -
86.40 -
6.10 
18.30 
36.60 
86.40 
97.60 
TUBE WELL NO. 1 0 2 
VILLAGE -
S.NO. 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
BAHADUR PUR 
LIT HD LOGY 
C l a y 
P i n e sand 
C l a y & k a n k a r 
F ine sand 
C l a y Sc k a n k a r 
Medium sand 
Course sand 
C l a y & k a n k a r 
THICKNESS 
6 . 6 6 
2 2 . 2 2 
3 . 3 3 
3 . 3 3 
1 5 . 1 8 
1 0 . 8 0 
3 0 . 4 5 
1 2 . 6 3 
• 
EEPTH 
0 . 0 0 
6 . 6 6 
2 8 . 8 8 
3 2 . 2 1 
3 5 .54 
50 . 7 2 
7 2. 52 
1 0 0 . 9 7 
_ 6 . 6 6 
- 2 8 . 8 8 
- 3 2. 21 
- 3 5. 54 
- 50 .7 2 
- 7 0 . 52 
- 1 0 0 . 9 7 
- 1 1 3 . 6 0 
TUBE WELL NO. Il2 
VILLAGS - SALAR PUR 
S. NO. 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 -
1 2 . 
1 3 . 
LITHOLOGY 
C l a y 
F ine sand & 
Coxirse 
Medivun 
1 
C l a y & 
sand 
sand 
c l 
k a n k a r 
P ine sand 
Mediiun sand 
P i n e sand 
Coxirse 
Cot i rse 
Medium 
Madium 
C l a y 
sand 
sand 
sand 
sand 
& 
1 
•ay 
k a n k a r 
TPUCKNESS 
7 . 2 6 
6 .27 
6 . 6 6 
1 .65 
3 1 . 3 5 
5 .28 
2 .64 
2 .64 
2 . 6 4 
1.98 
2 .31 
1.98 
2.97 
DEPTH 
0 . 0 0 
7 . 2 6 
1 3 . 5 3 
20 .19 
2 1 . 8 4 
53 ,19 
58 .47 
6 1 . 11 
6 3 . 7 5 
6 6 . 3 9 
6 8 . 3 7 
7 0 .67 
7 2 . 6 6 
-
-
-
-
-
-
-
-
-
-
-
-
' 
7 . 2 S 
1 3 . 5 3 
20 .19 
2 1 . 8 4 
53.19 
58 .47 
6 1 . 1 1 
6 3 . 7 5 
6 6 . 3 9 
68 .37 
7 0 . 6 7 
7 2 . 6 6 
7 5.63 
TUBE WELL Nl>. I l l 
VILLAGE - PALIMUKKIM PUR 
S,NO. LITHOLOGY THICKNESS DEPTH 
1. Clay 2.64 0.00 - 2.64 
2. Clay kankar 6.66 2 . 6 4 - 9 . 3 0 
3 . Pine sand 10.00 9 . 3 0 - 19 .30 
4 . Msdixim sand 2.64 19.30 - 21.94 
5. Pine & kankar 4.29 21.94 _ 26.23 
6. Clay & kankar 2.31 26,23 - 28.54 
7 . Pine sand 2.97 28.54 - 31 .51 
8 . Clay & kankar 6.66 3 1 . 5 1 - 38.17 
9 . Sandy Sc kankar 10.56 38.17 - 48.73 
10. Pine sand 10.00 48.73 - 58.7 5 
1 1 . Msdium sand 5.05 58.7 5 - 63.80 
12. Sandy c l a y 3 ,96 6 5 . 8 0 - 6 9 . 7 6 
13 . Hard c l a y 9 .90 69.76 - 79 .66 
14. Clay 3.33 7 9 . 6 6 - 8 2.99 
15 . Clay & kankar 3,33 82.99 - 86 .32 
16. Clay 10.03 86 .3 2 - 9 6.35 
TUBE WELL NO. 102 
VILLAGB - CH/aCATHAL 
S,NO. LITHOLOGY THICKNESS DEPTH 
1 . 
2 . 
3. 
4. 
5. 
6. 
7 . 
8 . 
9 . 
10. 
1 1 . 
12. 
1 3 . 
14. 
15 . 
16 . 
17. 
Surface c l a y 
Kankar 
Clay & kankar 
Fine sand 
' Medium sand 
Kankar 
Fine Sand 
Medium sand 
Fine sand 
Clay 
tfedixim sand 
Fine sand 
Msdium sand 
Fine sand 
Medium sand 
Fine sand 
Hard c l a y 
3.33 
3.33 
4.95 
4 .95 
3.96 
2.65 
3.33 
6.66 
6.27 
4. 29 
6.66 
3.33 
6.66 
3.33 
3.33 
2.64 
3.96 
0.00 
3 .33 
6.66 
11.61 
16 .56 
20. 52 
23.16 
26.49 
33 .15 
39 .42 
43 .71 
50,37 
53.7 0 
60.3 6 
63.69 
67 .02 
69.66 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
,. 
3.33 
6.66 
11.61 
16. 56 
20.52 
23.16 
26.49 
33 .15 
39 .42 
43 .71 
50.37 
53.70 
60.36 
63.69 
67 .02 
69.66 
73 .62 
TUBE WELL NO. 101 
VILLAGE - SHEKH PUR 
S.NO. 
1. 
2 . 
3 , 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10 . 
LITHOLOGY 
S u r f a c e c l a y 
C l a y & k a n k a r 
P ine sand 
C l a y & k a n k a r 
Medium sand 
C l a y & k a n k a r 
P ine sand 
C l a y Sc k a n k a r 
Medium sand 
C l a y St k a n k a r 
THICKNESS 
3 . 9 6 
9 . 2 4 
7 . 2 6 
5 .94 
1 0 . 0 0 
3 . 3 3 
3 . 9 6 
7 . 2 6 
25 .13 
1 3 . 2 0 
EEPTH 
0 . 0 0 -
3 . 9 6 -
1 3 . 2 0 -
20. 46 -
2 6 . 4 0 -
3 6 . 4 0 -
3 9 . 7 3 -
. 4 3 . 6 9 -
50 .9 5 -
7 6 . 0 8 -
3 . 9 6 
1 3 . 2 0 
2 0 , 4 6 
2 6 . 4 0 
3 6 . 4 0 
3 9 . 7 3 
43 . 69 
50 .9 5 
7 6 . 0 8 
8 9 . 28 
TUBS WSLL NO. 42 
VILLAGE - KIRTHALA 
S.NO. LITHOLOGY THICKNESS DEPTH 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10. 
1 1 . 
12 . 
S u r f a c e c l a y 
P i n e sand 
Sandy c l a y 
| l n e s a n d 
Medium s a n d 
Medium sand 
Sandy c l a y 
P i n e Sand 
Medium sand 
Cour se sand 
Sandy c l a y 
C l a y 
3 . 3 3 
3 . 3 3 
3 . 3 3 
3 . 3 3 
3 . 3 3 
6 . 6 6 
1 3 . 2 0 
9 . 9 9 
1 9 . 8 0 
1 6 . 5 0 
1 3 . 2 0 
6 . 6 6 
0 . 0 0 -
3 . 3 3 -
6 . 6 6 -
9 . 9 9 -
1 3 . 3 2 -
1 6 . 6 5 -
2 3 . 3 1 -
' 3 6 . 5 1 -
4 6 . 50 -
6 0 . 3 0 -
7 6 . 8 0 -
9 0 . 0 0 _ 
3 . 3 3 
6 . 6 6 
9 . 9 9 
1 3 . 3 2 
1 6 . 6 5 
2 3 . 3 1 
3 6 . 5 1 
4 6 . 5 0 
6 0 . 3 0 
7 6 . 8 0 
9 0 . 0 0 
9 6 . 6 6 
TUBS WELL NO. 158 
VILLAGS - RAT PUR 
S, NO. LETHOLOGY THICKNESS DEPTH 
1 . 
2. 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10 . 
S u r f a c e c l a y 
C l a y & k a n k a r 
F ine sand 
C l a y Sc k a n k a r 
r Msdium s a n d 
C l a y & k a n k a r 
Medium sand 
C l a y & k a n k a r 
Medium sand 
C l a y & k a n k a r 
2 . 3 1 
1 2 . 5 7 
8.64 
5.96 
16.3 6 
4.29 
5.87 
2.97 
5.54 
12.21 
0.00 - 2.31 
2.31 - 14.88 
14.88 - 23. 52 
23.52 - 29.48 
29.48 - 45.84 
45.84 - 50.31 
50.31 - 56.00 
56.00 - 58.97 
58.97 - 64.51 
64.51 - 76,72 
TUBS WELL NO. 159 
VILLAGS. . IZZAT PUR 
S.NO. LITHOLOGY THICKNESS DEPTH 
1. 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
14 . 
1 5 . 
S u r f a c e c l a y 
F ine sand 
C l a y St Kankar 
F i n e sand 
C l a y 
F ine sand 
C l a y St Kanka r 
F ine sand 
C l a y & Kankar 
F ine sand 
Medium sand 
F i n e sand 
C l a y 
F ine sand 
Hard c l a y 
2 . 6 4 
3 . 9 6 
6 .27 
6 .93 
7 . 9 2 
8 . 5 8 
2 9 . 7 2 
3 . 9 6 
8 . 5 8 
3 . 9 6 
6 . 6 0 
1.98 
6 .27 
9 . 5 7 
1 6 . 5 0 
0 . 0 0 
2 . 6 4 
6 . 6 0 
12 .87 
1 9 . 8 0 
27 .7 2 
3 6 . 3 0 
6 6 . 0 2 
6 9 . 9 8 
7 8 . 5 6 
8 2 . 5 2 
8 9 . 1 2 
9 1 . 1 0 
9 7 . 3 7 
1 0 7 . 1 4 
- 2 .64 
- 6 . 6 0 
- 12 .87 
- 1 9 . 8 0 
- 27 .7 2 
- 3 6 . 3 0 
- 6 6 . 0 2 
- 6 9 . 9 8 
- 7 8 . 5 6 
- 8 2. 52 
- 8 9 . 1 2 
- 9 1 . 1 0 
- 9 7 . 3 7 
- 1 0 7 . 1 4 
- 1 2 3 . 6 4 
TUBE WELL NO. 84 
VILLAGE.. ALAM PUR 
S.NO. LIYHOLOGY THICKNESS DEPTH 
1. 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
S u r f a c e c l a y 
F ine sand 
Medixom sand 
C l a y & k a n k a r 
F ine sand 
C l a y Se k a n k a r 
F ine sand 
C l a y & k a n k a r 
Medliun sand 
Course sand 
C l a y 
2 . 6 4 
7 . 2 6 
1 1 . 8 8 
7 . 2 6 
9 . 2 4 
1 1 . 2 2 
3 . 3 3 
2 2 . 1 1 
4 . 2 0 
6 . 6 6 
3 . 3 3 
0 . 0 0 -
2 . 6 4 _ 
9 . 9 0 -
2 1 . 7 8 -
2 9 . 0 4 -
3 8 . 2 8 -
4 9 . 5 0 -
52 .83 -
7 4 . 9 4 -
7 9 . 1 4 -
8 5 . 8 0 -
2 . 6 4 
9 . 9 0 
21 .78 
29 .04 
3 8 . 2 8 
4 9 . 5 0 
52 .83 
7 4 . 9 4 
7 9 . 1 4 
8 5 . 8 0 
8 9 . 1 3 
TUBE WELL NO. 1 4 1 
VILLAGir - SHER PUR 
S.NO. LITHOLOGY THICKNESS DEPTH 
1 . Surface c l a y 4.29 0.00 - 4.29 
2. Pine sand 10.00 4.29 - 14.29 
3 . Medium sand 3.96 14.29 - 18 .25 
4 . Course sand 15.52 1 8 . 2 5 - 3 4.07 
5. Medititn sand 7.29 3 4.07 - 41.3 6 
6. l i n e sand 8.12 41.3 6 - 49.48 
7 . Course sand 7.59 49.48 - 57.07 
8 . Medium sand 7 .26 57.07 - 64.33 
9 . Course sand 14.8 5 64.33 - 79 .18 
10. Course sand & k a n k a r l . 9 6 79 .18 - 81 .14 
1 1 . Msdixim sand 5.26 8 l . l 4 - 86 .40 
TUBE WELL NO. 138 
VILLAGE.. TIKRI 
S.NO. LETHOLOGY THICKNESS DEPTH 
1. Surface c l a y 6.10 0.00 _ 6.10 
2. Fine sand 15.25 6 . 1 0 - 21.35 
3 . Clay Sc Knkar 9 . 1 5 . 2 1 . 3 5 - 30 .50 
4 . Pine sand 3 .05 3 0 . 5 0 - 33 .55 
5. Medium sand 3 .05 3 3 . 5 5 - 36 .60 
6. Hard c l a y 6.10 36,60 - 42.70 
7 . Sandy c l a y & kankar 3 .05 42.70— 45»75 
8 . Clay & Kankar 10 .15 4 5 . 7 5 - 55.90 
9 . Fine sand 3 .05 55.9 0 - 58.9 5 
10. Medium sad 14.15 58.9 5 - 7 3 . 1 0 
1 1 . Course sand & g r a - 10.80 73 .10 - 83 .90 
v e l 
12. Clay & Kankar 4 . 4 5 83.9 0 - 88 .3 5 
13 . Fine sand 8 .55 8 8 . 3 5 - 96 .90 
14. loose c l a y & kankar 8 .00 96 .90 - 1 0 4 . 9 0 
TUBE WELL NO. 137 
VILLAGE.. HAIBAT PUR 
S.NO. LITHOLOGY THICKNESS DEPTH 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
Surface clay-
Fine sand 
Medium sand 
Clay & Kankar 
Fine sand 
Medium sand 
Clay Sc Kankar 
6.10 
24.40 
12.20 
17,30 
3 0.40 . 
12.20 
12 .20 
0 - 6.10 
6.10L. 3 0.50 
30.50 - 42.70 
42.70 - 60.00 
60.00 - 90 .40 
90 .40 - 1 0 2 . 6 0 
102.60 -114 .80 
TUBS WELL NO. *13 6 
VILLAGE.. MBERGHARHI 
S.NO. LITHOLOGY THICKNESS DEPTH 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10. 
11 . 
12. 
13 . 
14. 
Clay 
Fine sand 
Medium sand 
Clay 
Fine sand 
^ l a y 
tfediiun sand 
Course sand 
Pine sand 
Course sand 
Clay 
Fine sand 
Medium sand 
Clay 
9 .90 
3 .36 
3.92 
4.29 
3 .96 
3.96 
11.88 
8.58 
6.60 
5.94 
6.60 
9.27 
3 .96 
2.64 
0 - 9 .90 
9 . 9 0 - 13.26 
$ 3 . 2 6 - , 17.18 
17.18 - 21.47 
21.47 - 25.43 
25.43 - 29.39 
29.39 - 41.27 
4 1 . 27 - 49.8 5 
49.8 5 - 56.45 
56.45 - 62.39 
62.39 - 68.99 
68.99 - 78 .26 
78 . 26 _ 82 .22 
8 2 . 2 2 - 84.86 
TUBS WBLL NO. 13 3 
VILLAGE - ABUNJSSIR PUR 
S.NO. LITfDLOGY 
Clay-
C l a y & k a n k a r 
Msdium sand 
C l a y 
F ine sand 
C l a y 
F ine sand 
C l a y & k a n k a r 
Hard c l a y 
Sand s t o n e 
C l a y 
F ine sand 
C l a y 
Msdium sand 
C l a y 
THICKNESS 
6 . 6 6 
6 . 6 6 
6 . 6 6 
1 3 . 2 0 
3 . 3 3 
1 6 . 50 
1 0 . 0 2 
9 . 5 7 
21 .08 
7 . 3 3 
6 . 6 6 
1 . 6 5 
8 . 2 7 
11 .33 
1 3 . 2 0 
DEPTH 
0 . 0 0 
6 . 6 6 
1 3 . 3 2 
19 .98 
3 3 . 1 8 
3 6 . 51 
5 3 . 0 1 
. 6 3 . 0 3 
6 2 . 5 8 
8 3 . 58 
9 0 . 9 9 
9 7 . 6 5 
9 9 . 3 0 
1 0 7 . 57 
1 1 8 . 9 0 
- 6 . 6 6 
- 1 3 . 3 2 
- 19 .98 
- 3 3 . 1 8 
- 3 6 . 5 1 
- 5 3 . 0 1 
- 63 .03 
- 62 . 58 
- 8 3 . 6 6 
- 9 0 . 9 9 
- 9 7 . 6 5 
- 9 9 . 3 0 
- 1 0 7 . 5 7 
- 1 1 8 . 9 0 
- 1 3 2 .10 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8. 
9 . 
1 0 . 
1 1 . 
1 2 . 
13. 
1 4 . 
1 5 . 
TUBE VfBLL NO. 129 
V I I I , AGE. . ATR ALT LI 
S . MO. LITHOLOGY THICKNESS DEPTH 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
1 0 . 
U . 
1 2 . 
Clay 18.51 
Fine sand 3,3 3 
Clay 13.20 
Fine sand 3.33 
Clay 9 .41 
Fine sand 4. 29 
Hard clay^Kankar 3 ,96 
Course sand 10.56 
Hard c l a y - Kankar 3.96 
Fine sand 4.9 5 
Medium sand 5. 61 
Hard c l a y 12. 54 
0 . 0 
18. 51 
21.84 
3 5,04 
38.37 
47.78 
52.07 
53.03 
66.59 
70 .55 
7 5.50 
81 .11 
-
-
-
-
-
-
-
-
-
-
-
^ 
18.51 
21.84 
3 5.04 
38.37 
47.78 
52.07 
56.03 
66.59 
70 .55 
7 5.50 
81 .11 
93 .65 
TUBE WELL NO. 129 
VILLAGS.. JHUJEURKA 
S.NO. LITHOLOGY THICKNESS EEPTH 
1. Clay 3.96 0.00 - 3,96 
2. Fine sand & kankar 4 .62 3.96 - 3.58 
3 . Clay 7 .92 8 . 5 8 - 16.50 
4. Fine sand & kankar 1.65 1 6 , 5 0 - 1 8 . 1 5 
5. Medium sand 2.64 1 8 . 1 5 - 20.79 
6 . Clay 5.61 20.79 - 26,40 
7 . Snady c l a y & kankar 7,59 26,40 - 33.39 
8 . Hard c l a y 16.50 33.39 - 50.49 
9 . Sandy c l a y 4.9 5 50.49 - 55.44 
10. Hard c l a y 5.28 5 5 . 4 4 - 60.73 
1 1 . Sandy c l a y 2.27 60.73 - 63.00 
12 . Fine sand 1.65 6 3 . 0 0 - 64.65 
13 . Madiura sand 1.65 64.65 - 66,30 
14. Clay 11.88 66.30 - 78.18 
15 . Fine sand 2.27 78.18 - 80 ,45 
16. Sand & Pebbles 8,58 8 0 . 4 5 - 89.03 
17. Medium sand 5.94 89.03 - 94.97 
18. Clay 4 .95 94.97 - 99 .92 
APPENDIX - I V 
TUBE WELL NO. 1 2 6 
VILLAGE.. JAt^ONA 
S.NO. LrTHOLOOf DEPTF(M) THICKNESS ( M ) 
1 . 
2s 
3 . 
4 . 
5 . 
5 . 
7 . 
8 . 
9 . 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
14 . 
1 5 . 
1 6 . 
Surface c l a y 
Clay 
Fine sand 
Msdiuni sand 
Clay & Kankar 
Medium sand 
Fine sand 
Clay & Kankar 
Fine sand 
Se f t c l a y 
Fine sand 
Clay & Kankar 
Medium sand 
Fine sand 
Medium sand 
Clay & Knakar 
0 . 0 
3.33 
6.66 
11.51 
20.42 
26.36 
33 .02 
3 6 .35 
41.20 
44.53 
54.43 
57.76 
62.61 
65.94 
69.27 
7 2.93 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
^ 
3.33 
6.66 
11.51 
20-42 
26.3 6 
33 .02 
36 .35 
41 .20 
44.53 
54.43 
57.76 
62.61 
65.94 
69.27 
72.93 
7 5.93 
3.33 
3.33 
4.8 5 
8.91 
5.94 
6.66 
3 .33 
4.8 5 
3.33 
9 .90 
3.33 
4 .85 
3.33 
3.33 
3.66 
3.00 
TUBS WBIiL NO. 137 
VILLAGE - GKAZI PUR 
S.NO. L IT HD LOGY THICKNESS DEPTH 
1 . 
2 . 
3 . 
4 . 
5 . 
Surface c l a y 
Clay & sand 
Pine sand 
Clay & kankar 
Medium sand 
4. 29 
6.66 
33.33 
21.78 
43.56 
0.00 
4.29 
10.95 
44.28 
65.56 
- 4. 29 
- 10 .95 
- 44. 28 
- 65.56 
-109 .12 
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R e s u l t s of chemical Ana lys i s of water samples c o l l e c t e d from 
o b s e r v a t i o n w e l l s Net work S t a t i o n s of A t r a u l i Block , E>istt, 
Al igarh U . p . 
Sample l o c a t i o n Fe Cu Zu Ma Pb Cr Cd 
1 Main A t r a u l i 1.493 0.202 0.288 0 .175 0.099 0.042 
Block 
2 Meergarhi 0.308 0.177 0.269 0 .094 0.094 0 .031 
3 Nahra • 0 .253 0.«29 0.320 0.109 0. HO 0.039 
4 Chaumukha 0.399 0.155 0 .621 0 .075 0.114 0.034 
5 Chakathal 0.516 0.196 0.545 0 .093 0.108 0.029 
6 Ganiyawal i 0.19 2 0.229 0 .241 0.116 0.104 0.033 
7 Sherpur 0,406 0.246 0.287 0.099 0.094 0.049 
8 Raipur 0.222 0.245 0.630 0.09 5 . 0.099 
9 K i r t h a l a 0.187 0.239 1.510 0.074 0.089 
